Objective: The aim of this study was to develop a frailty scale for the elderly in China and to examine its reliability and validity. Methods: The method of convenient sampling was used to select 375 elderly individuals in different communities of Tianjin, China. EuroQol-5D was used to evaluate the criterion validity. Cronbach's a coefficients, correlation analysis, exploratory factor analysis, criterion-related validity, and internal consistency were used to evaluate the reliability and validity of the scale. To evaluate the testeretest reliability, 30 old people were re-evaluated after 2 weeks. Results: The final version of the frailty scale (FI-35) consisted of 35 items. Eleven factors were extracted by a principal factor analysis and varimax rotation, with a cumulative contribution of 86.00%. Eleven dimensions were positively correlated (r ¼ 0.130e0.541, P < 0.01). Cronbach's a coefficient was 0.952, and the alpha coefficients of 11 dimensions ranged from 0.730 to 0.992. The testeretest reliability was 0.874 for the total scale. The split-half reliability of the scale was 0.808. Structural equation modeling was used to perform a confirmatory factor analysis, and various parameters were all acceptable. Conclusions: FI-35 met the requirement of scale development and showed good reliability and validity; thus, it can be used as an efficient frailty measurement tool for Chinese elderly.
Introduction
Frailty is prevalent in the elderly in community and long-term care settings, and it can increase the risk of adverse events. 1 Although researchers have discussed the necessity of environmental factors to evaluate frailty, the corresponding evaluation tools have not been developed. Therefore, it is important to identify frail individuals and to develop comprehensive screening instruments.
Frailty has been described as a reduction in the capacity of the organism that arises with increasing age; it makes elderly people vulnerable to changes in the environment. 2, 3 Frailty has been considered a better predictor of adverse health events than age. 4 A large number of studies have demonstrated that frailty can be effectively used to predict disability, disease, death, hospitalization and other adverse health events. 4e7 In addition, frailty is a process that can be intervened. There are many effective interventions to prevent frailty, such as active exercise; adequate protein, calories, and vitamin D; and avoidance of drug abuse. 8e10 In 2013, experts from international organizations recommended that it is imperative to screen for older people who are over 70 years old or have lost more than 5% of body weight due to chronic diseases. 11 Therefore, early frailty screening and appropriate interventions can effectively prevent or reduce the level of weakness in the old and have benefits for individuals, families and society. There are two main branches of early research on frailty: Fried's 12 Frailty phenotype (FP) and Rockwood's 13 Frailty index (FI).
Both have good predictive validity for physiological functional decline in the elderly, but there is no distinction between the concept of frailty and disease or disability. Subsequently, under the guidance of the multi-dimensional frailty model, scholars have developed a series of multi-dimensional frailty evaluation tools: Environment has a great impact on the health of the elderly; a change in the environment will contribute to the risk of functional decline. Moreover, a decline in the ability of the elderly to adapt to the environment will make their health problems more serious. Nourhash emi et al 18 noted that frailty was the interaction of physical, psychological, social, and environmental factors. Ferrazzoli et al 19 added the environmental adaption to the theory model of frailty and concluded that frailty was described by a reduction in the ability to adapt to the environment. Although researchers have discussed the feasibility and necessity of environmental factors, the corresponding theoretical models and evaluation tools have not been developed. A comprehensive frailty assessment tool is a basic necessity to accurately assess the frailty level of aged people, and it is a basis for the development of intervention measures. Therefore, it is necessary to develop more comprehensive frailty assessment tools for elderly people. According to the above-reviewed literature, we investigated the association between environmental adaptation among elderly individuals and frailty and constructed an evaluation tool for elderly in China, which includes four dimensions: physiological, psychological, social and environmental. Furthermore, we analyzed and examined the reliability and validity of the items in the scale.
Methods

Design
The study consisted of the following 2 phases: (1) collection of data from older residents to develop the FI-35; (2) and evaluation of the reliability and validity of the scale.
Sample
Convenience sampling was used to recruit participants between October and December 2016. In this study, the elderly were included if they met three criteria as follows: (1) 60 years of age or older; (2) able to communicate and conscious; and (3) volunteered to participate in the study. Samples missing more than 5% of the recovered questionnaires were deleted. Finally, 420 older people were recruited from community dwellings in Tianjin, China. A total of 392 questionnaires were returned. Among them, 375 valid questionnaires were received, of 17 which were rejected due to incomplete responses (effective response rate ¼ 89.2%). The demographic characteristics of the participants are summarized in Table 1 .
Ethical considerations
Elders' rights were protected by the investigator by explaining the purpose and process at the beginning of the interview. All subjects were assured that their participation in the study was voluntary and that they had the right to refuse participation for any reason. To ensure anonymity in the use of data, we omitted the participants' names. Ethical approval was obtained from the relevant community.
Instrument
Scale design
The demographic data were composed of two parts, including gender, age, marital status, having children, degree of education and occupation before retirement and income. The next part included self-care ability, smoking, drinking, and exercise. These variables potentially influence the frailty of the elderly. Based on the Gobbens frailty theory model, 20 a panel discussion and existing elder frailty appraisal tools, 14, 15, 17, 21 we selected 81 items. The answers "yes" and "no" were used to evaluate the items (0 ¼ yes, 1 ¼ no). Some indicators were in the form of "yes", "sometimes" and "no", corresponding to a score of 0, 0.5, or 1. We invited 15 experts in gerontology, nursing, and psychology to select the scale items. 22 In the first round of 15 copies, 13 were recovered, and the rate was 86.7%. In the second round of 13 copies, 12 were retrieved, and the rate was 92.3%. The participants rated each item using a five-point Likert scale (1, not very important; 2, not important; 3, moderately important; 4, important; and 5, very important). It is generally believed that the degree of expert authority (CR) is 0.7 or higher for acceptable reliability; this value was 0.89 in our study. We deleted 18 entries with values lower than 3.5 or coefficients of variation (CVs) higher than 0.25, 23 thus obtaining 63 items. Furthermore, to determine whether the language of the scale was suitable for the elderly, 40 elders participated in a pilot study. The results indicated that it was easy for the elders to understand and answer the questions.
Data collection
Convenience sampling was used in this study. Questionnaires were completed by the elderly or were read by the investigators, who responded to the questions, options or explanations according to the oral responses of the elderly. After completing the scale, we invited 30 subjects who were interested in participating in a retest study after two weeks.
Data analysis
The data were analyzed using SPSS for Windows (version 20.0) (IBM Corporation, Armonk, New York, United States) and AMOS (Analysis of Moment Structures, version 17.0; Chicago, IL, USA). Descriptive statistics were used to summarize sample characteristics. The critical ratio method, correlation analysis, internal consistency reliability, commonality and factor load were used to screen items. In this study, the internal consistency coefficient and the split-half reliability were used to evaluate the internal reliability of the scale, and the external reliability of the scale was measured with the retest reliability. Furthermore, construct validity and criterion-related validity were used to evaluate the validity of the scale. The construct validity included an exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). All statistical tests were two-sided (a ¼ 0.05).
Results
Item analysis
The internal correlation analysis of the scale was first examined. Eight items (3, 12, 19, 21, 30, 45, 59 , and 60) with correlations below 0.3 were deleted. 24 Next, we deleted items 5, 6, 20, 28, 29, 42, 54, and 58 because the total Cronbach's a coefficient of the scale was greater than (equal to) 0.952 when we deleted them.
Validity analysis 3.2.1. Internal correlation
The internal correlation analysis of the scale is shown in Table 2 . The scores on the eleven dimensions were positively correlated with each other (r ¼ 0.130e0.541, P < 0.01). The correlation coefficients of each dimension and the total scale ranged from 0.550 to 0.671, indicating that the dimensions and the overall scale were moderately correlated.
Content validity
The content validity was determined by 13 experts in the fields of nursing and gerontology. The results revealed that the scale had a good content validity index (CVI ¼ 0.932). (Table 4 ). The overall fit of the model was better. Standard path and parameter estimates are shown in Fig. 1 .
Criterion-related validity EQ-5D
26 is a multidimensional health assessment scale related to quality of life. The scale includes five dimensions: "action", "selfcare", "daily activities", "pain/discomfort", and "anxiety/depression". Each dimension is scored from 1 to 3. The higher is the score, the lower is the quality of life. We evaluated the criterion validity by determining the correlation coefficients between the FI-35 and EuroQol-5D. The Spearman correlation coefficients were as follows (P < 0.01): the total scale (0.643), nutrition (0.331), motion (0.300), strength (0.491), energy (0.228), sleep (0.345), cognition (0.501), emotion (0.506), contact (0.339), role (0.667), natural (0.321), and humanity (0.403). There was a moderate correlation between the FI-35 and the general health rating of the EQ-5D.
Reliability
Cronbach's a coefficient was used to estimate internal consistency with a coefficient of 0.70 or greater considered evidence of Table 2 Elderly frailty scale and internal correlation analysis between 11 dimensions and total score (r, n ¼ 375) (P < 0.01). 27 The Cronbach's a coefficients for the dimensions ranged from 0.730 to 0.992, and the a coefficient for the total scale was 0.952, indicating good internal consistency reliability. The split-half reliability of the total scale was 0.808, which was acceptable.
We used the FI-35 to interview 30 elderly individuals who were willing to participate in measuring the test-retest reliability two weeks after the initial assessment. The correlation was high (r ¼ 0.874, P < 0.01), which demonstrated that the scale is stable (Table 5 ).
Discussion
This study aimed to develop a frailty assessment tool to improve health and quality of life in old adults. Nourhash emi et al 18 noted
that frailty was the interaction of physical, psychological, social, and environmental factors. FI-35 with 35 items from the four health domains was adapted to this theory. An exploratory factor analysis was used to test the construct validity of the scale, with a Cronbach's a of 0.84, which explained 86% of the variance in frailty. The results show that FI-35 is a robust instrument for assessing the level of frailty with good validity and reliability. 0.885 6. Over the past six months, it was more difficult than before to go up (down) the stairs.
0.884 7. You can participate in some energy-consuming activities (physical exercise, manual labor, etc.).
0.858 Factor 3 Muscle strength 8. Over the past six months, your grip strength declined compared with previously (making things fall easily).
0.884 9. You can lift a 5e10 kg weight, such as a watermelon. 0.875 10. Over the past six months, it felt more arduous to stand up from a seat than before.
0.812 Factor 4 Energy 11. In the past six months, it was harder for you to do anything than before.
0.897 12. Over the past six months, you often felt tired. 0.837 13. Over the past six months, you were always listless. As described by Gobbens et al, 16 frailty was defined as an individual loss of body function caused by various types of factors, which will increase the risk of adverse health events. Therefore, it is important to take effective measures to promote health and improve the quality of life of the elderly. A literature review and expert panel were used to screen items from several health domains instead of one limited health domain, forming the initial assessment tool of frailty among the elderly. Criterion-related validity is used to examine the correlation between test indexes and other external criterion variables. Its results can represent or forecast the validity and accuracy of a criterion. 28 EQ-5D 26 is a multidimensional health assessment scale related to quality of life, which was chosen as a criterion. Our results showed that the total score and each dimension of the elderly individuals' frailty scale were significantly positively correlated with the quality of life scale, indicating that the criterion validity of the scale is good.
The most common method of determining internal reliability is Cronbach's a coefficient. 29 Cronbach's a coefficients for the 11 dimensions of the scale ranged from 0.730 to 0.992, indicating good internal consistency reliability. In addition, our test-retest analysis showed that the FI-35 was stable (r ¼ 0.874, P < 0.01). In this work, we showed that the FI-35 is an appropriate method for assessing frailty among the elderly in communities in Tianjin, China. The internal correlation analysis showed that the scores on the eleven dimensions (nutrition, exercise, muscle strength, energy, sleep, cognition, emotion, contact, role, natural, and humanity) were positively correlated with each other (r ¼ 0.130e0.541, P < 0.01), which demonstrated that the construct validity of the frailty scale is good. In the first stage of our study, EFA supported a 35-item scale with an 11-factor model: muscle (3 items), energy (3 items), action (4 items), cognitive (4 items), social contact (3 items), emotional (3 items), humanity (3 items), sleep (3 items), nutrition (3 items), role (3 items), and natural (3 items). The EFA showed that all factor loading coefficients of the 35 items were greater than 0.40.
Testeretest reliability coefficients and Cronbach's a coefficients were used to evaluate the reliability of the scale with a Cronbach's a coefficient of 0.70 or greater considered evidence of reliability. 24 The Cronbach's a coefficients for the dimensions ranged from 0.730 to 0.992, and the coefficient for the total scale was 0.952, indicating good internal consistency reliability. The test-retest reliability was 0.874 for the total scale and 0.806e0.955 for the 11 sub-scales. A testeretest reliability coefficient above 0.75 is considered satisfactory. 17 The split-half reliability of the total scale was 0.808, which was acceptable. The results showed that the scale was stable. Nonetheless, the study was limited in terms of conditions and time. We used convenience sampling, rather than random sampling, to choose the participants. The sample mainly came from the city of Tianjin in China, which indicates regional limitation and insufficient coverage. Moreover, this study lacked participants who were in hospitals and nursing home, indicating that the characteristics of the old might be not comprehensive. Another limitation of the study was that we used measures of quantitative research such as reviewing the literature, group meetings and an expert panel to screen the items, excluding qualitative interviews.
Conclusions
This study established a reliable and valid FI-35 scale that covered four domains of functional ability in the elderly. The participants completed the questionnaires with scores of 0 for yes and 1 for no. The closer the score was to 1, the frailer the person was. The revised 35-item FI-35 has good estimates of reliability and validity. The reliability of the eleven sub-scales is also good and can be used to measure the frailty of Chinese elderly. The scale can be used as an assessment instrument when implementing frailty screening for the elderly. Since research on the frailty of the elderly is still limited, this scale also can make a contribution to related studies in the future.
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